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A transducer comprising: 

a pluraliw of solid layers, including a magnetically permeable loop 
substantially encircling/an electrically conductive coil and terminating in first and 
second magnetically pirmeable layers separated by an amagnetic gap layer, said second 
magnetically permeaMe layer composed of vacuum-deposited material and oriented 
substantially perpendicular to said amagnetic layer. 

2. The transducer of claim 1, wherein said second magnetically permeable layer 
has a width measured in a direction substantially parallel to said amagnetic layer, said 
width being less than about four hundred nanometers. 
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3. The transdiicer of claim 1, wherem said second magnetically permeable layer 
has a width measured in a direction substantially parallel to said amagnetic layer, said 
width being not s ibstantially greater than a distance between said magnetically 
permeable layers 



4. The transducer 
has a width meas(ured 
length measured 
said length being 



of claim 1, wherein said second magnetically permeable layer 
in a direction substantially parallel to said amagnetic layer and a 
in a direction substantially perpendicular to said amagnetic layer, with 
at least six times greater than said width. 



5. The 
contains a refrac 



6. The translducer 
contains materia! 



tran^ucer of claim 1, wherein said second magnetically permeable layer 
ory metal. 



of claim 1 , wherein said second magnetically permeable layer 
having a Bs higher than that of Permalloy. 
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7. The transducer of claim 1, further comprijklg a third magnetically permeable 
layer disposed substantially parallel to said second magnetically permeable layer and 
separated from said second magnetically^rmeable layer with a second amagnetic 
layer. 

8. The transducer of claipf 1, wherein said first magnetically permeable layer is 
substantially perpendiculai/to said second magnetically permeable layer. 



9. The transducer of claim 1, wherein said first magnetically permeable layer is 
substantially parcel to said second magnetically permeable layer . 

10. The tf"ansducer of claim 1, further comprising a magnetoresistive sensor layer 
disposed ^jacent said second magnetically permeable layer and oriented substantially 
perpenjaicular to said second magnetically permeable layer. 

1 1 . The transducer of claim 1 , further comprising a self-supporting substrate 
adjoining said transducer. 




IZ A transducer for an infbrmation storage system, the transducer comprising: 
a plurality of /olid layers, including a magnetically permeable loop 
substantially encircling an electrically conductive coil and terminating in first and 
second sputtered magnetically permeable layers separated by an amagnetic gap layer, 
said first magnetically permeable layer being oriented substantially perpendicular to 
said second magnetic/Uy permeable layer. 



13. The transd^icer of claim 12, wherein said second magnetically permeable layer 
is substantially TOrpendicular to said amagnetic layer. 
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14. The transducer of daim 12, wherein said second magnetically permeable layer 
has a width measured in a direction substantially parallel to said amagnetic layer, said 
width being less than aljout two hundred nanometers. 

15. The transduce/ of claim 12, wherein said second magnetically permeable layer 
has a width measured in a direction substantially parallel to said amagnetic layer that is 
not substantially greater than a thickness of said amagnetic layer. 

16. The transduder of claim 12, further comprising a third magnetically permeable 
layer adjoining said second magnetically permeable layer distal to said amagnetic layer, 
with said third magpetically permeable layer oriented substantially parallel to said 
amagnetic layer. 

17. The transdjlicer of claim 12, wherein said second magnetically permeable layer 
contains material /having a Bs higher than that of Permalloy. 

18. The transducer of claim 12, further comprising a third magnetically permeable 
layer disposed sjubstantially parallel to said second magnetically permeable layer and 
separated from/said second magnetically permeable layer with a second amagnetic 
layer. 

19. The transducer of claim 12, wherein said second magnetically permeable layer 
contains a refractory metal. 

20. The ipansducer of claim 12, further comprising a magnetoresistive sensor layer 
disposed adjacent said second magnetically permeable layer and oriented substantially 
perpendicular to said second magnetically permeable layer. 



21. The transcfuc^j^cSTl^laim 12, further comprising a self-supporting substrate 
adjoining said tra^ducery 

RR-1645 
Express Mail # EJ259157088US 



23 



22. The transducer of claim 12, further comprising an electroplated magnetically 
permeable layer disposed between said first and second sputtered magnetically 
permeable layers. / 

23X A transducer for an information storage system, the transducer comprising: 
/ a magneticilly permeable loop substantially encircling an electrically 

conductive coil and terminating adjacent a media-facing surface in first and second 
magnetically permeable layers separated by an amagnetic gap layer, wherein said 
second magnetically permeable layer has a growth morphology that is not substantially 
perpendicular to said amagnetic gap layer. 

24. The transducer /of claim 23, wherein said second magnetically permeable layer 
has a width measured m a direction substantially parallel to said amagnetic layer, said 
width being less than /about four hundred nanometers. 

25. The transducer of claim 23, wherein said second magnetically permeable layer 
has a width measured in a direction substantially parallel to said amagnetic layer that is 
not substantially greater than a thickness of said amagnetic layer. 

26. The transducer of claim 23, wherein said second magnetically permeable layer 
has a width measured in a direction substantially parallel to said amagnetic layer and a 
length measured in a direction substantially perpendicular to said amagnetic layer, with 
said length being at least six times greater than said width. 

27. The transducer of claim 23, wherein said second magnetically permeable layer 
consists essentially of sputtered material. 

28. The transducer of claim 23, wherein said second magnetically permeable layer 
contains material having a Bs higher than that of Permalloy. 
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29. The transdurfSer of claim 23, further comprising a third magnetically permeable 
layer disposed substantially parallel to said second magnetically permeable layer and 
separated from s^id second magnetically permeable layer with a second amagnetic 
layer. 

30. The transducer of claim 23, wherein said first magnetically permeable layer is 
substantially/perpendicular to said second magnetically permeable layer. 

31. The transducer of claim 23, wherein said first magnetically permeable layer is 
substantially parallel to said second magnetically permeable layer. 

32. The tranOTucer of claim 23, further comprising a self-supporting substrate 
adjoining sai^^trkiSaucer. 




33. The transducer of claim 23, wherein said growth morphology of said second 
magnetically permeable layer is closer to parallel than perpendicular to said amagnetic 
gap layer. / 

A transducer comprising: 

i body having a surface and including a magnetically permeable loop 
including firsyand second yoke layers and first and second pole-tip layers, with said 
first pole-tipAayer disposed adjacent said first yoke layer and said second pole-tip layer 
disposed acUacent said second yoke layer, said loop substantially encircling an 
electrically conductive coil and terminating adjacent said surface in said pole-tip layers, 
said poleytip layers being separated by an amagnetic gap layer, with said second pole- 
tip layer/having a submicron width and being oriented substantially perpendicular to 
said anpgnetic layer, and said second yoke layer containing a different material than 
said second pole-tip layer. 
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35. The transducer of claim 34, wherein said pole-tip layers and said yoke layers 
terminate substantially in a plane adjacent said surface. 

36. The transducer of Claim 34, wherein said second yoke layer terminates further 
from said surface than said second pole-tip layer. 

37. The transducer of claim 34, wherein said first and second yoke layers terminate 
further from said surface than said first and second pole-tip layers. 

38. The transducer of claim 34, wherein said second pole-tip layer has a first edge 
disposed adjacent sa^d surface and a second edge disposed distal to said surface, and 
said second yoke layer adjoins said second pole-tip layer adjacent said second edge. 

39. The transducer of claim 34, wherein said second pole-tip layer has a first edge 
disposed adjacent said amagnetic layer and a second edge disposed distal to said 
amagnetic layerf, and said second yoke layer adjoins said second pole-tip layer adjacent 
said second edge. 

40. /The transducer of claim 34, wherein said second yoke layer and said second 
pole-ti) layer ^:e-substantially coplanar. 

41. The transducer of claim 34, wherein said second yoke layer overlaps a part of 
said second pole/ip layer. 

42. The transducer of claim 34, wherein said second yoke layer has a first section 
oriented saibstantially parallel to a plane a second section that is not oriented parallel to 
said dispjDsed adjacent said second pole-tip layer. 
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43. The transducer of cl^lm 34, wherein said surface has a first portion that projects 
relative to a second portiop, with said second pole-tip layer terminating adjacent said 
first portion and said secdnd yoke layer terminating adjacent said second portion. 

44. The transducer/of claim 34, wherein said surface has a first portion that projects 
relative to a second portion, with said first pole-tip layer terminating adjacent said first 
portion and sai/ firstRvokeJayer terminating adjacent said second portion. 

45. The traJ^sducer of claim 34, wherein said surface has a first portion that projects 
relative to a second pMtion, with said first and second pole-tip layers terminating 
adjacent said fipst portion and said first and second yoke layers terminating adjacent 
said second pprtion. 

A transducer codfprising: 

a magnettcally permeable loop encircling an electrically conductive coil 
and terminating adjacedt said media in a magnetically permeable pole-tip, said pole-tip 
being formed on a wafer substrate along with more than five-hundred other pole-tips to 
have a width that is iess than four hundred nanometers. 

An information storage system comprising: 
a moving media, 

a/transducer disposed adjacent said moving media, said transducer 
containing a pmrality of layers deposited on a wafer substrate, said layers including a 
magnetically permeable loop substantially encircling an electrically conductive coil and 
terminating adjacent said media in a first magnetically permeable pole-tip layer and a 
second magnetically permeable pole-tip layer, with an amagnetic layer disposed 
between sai^ pole-tip layers, 

wherein a portion of said media adjacent to said transducer travels in a 
direction, fend said second magnetically permeable layer is oriented substantially 
parallel to said direction. 
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48. The system of claim 47, wherein ssm second magnetically permeable layer is 
substantially perpendicular to said ama^etic layer. 



49. The system of claim 47/wherein said second magnetically permeable layer has a 
width measured along said direction that is less than about three hundred nanometers. 

50. The system of claim 47, wherein said second magnetically permeable layer 
contains a refractorymetal. 



51. The system of claim 47, wherein said second magnetically permeable layer 
contains mate/ial having a Bs higher than that of Permalloy. 



.a ^ 



52. Thp system of claim 47, wherein said second magnetically permeable layer 
consists essentially of sputtered material. 

53. /The system of claim 47, further comprising a magnetoresistive sensor layer 
disposed adjacent said second magnetically permeable layer and oriented substantially 
perpendicular to said second magnetically permeable layer. 

54. The system of d^im 47, wherein said media has an easy axis of magnetization 
oriented substantially AIom s^id direction. 



55. The system of 
oriented substantially 



iaim 47, Wherein said media has an easy axis of magnetization 
Iicular to said direction. 
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A method for forming a microscopic transducer, the method comprising; 
forming a magnetically permeable first pole-tip, 
forming a submicrpn amagnetic layer over said first pole-tip, and 
forming a magneftcally permeable second pole-tip over said amagnetic 
layer, including depositing a magnetically permeable material on a surface oriented 
transverse to said amagnetic layer. 



57. The method of claijjn 56, wherein forming said magnetically permeable second 
pole-tip further comprises 

making a magnetically permeable layer having a first portion oriented 
along said surface and having a second portion oriented transverse to said surface, and 
removing said second portion. 

58. The method or claim 57, wherein removing said second portion includes 
impinging a beam or ions upon said layer. 



59. The 
material incliiide: 



eijiod of claim 56, wherein depositing said magnetically permeable 
puttering said material onto said surface. 



60. The ni^thdd of claim 56, further comprising forming a coil layer for said 
transducer, afS^r said forming said magnetically permeable second pole-tip. 

61. The method of claim 56, further comprising forming a coil layer for said 
transducer, before forming said magnetically permeable second pole-tip. 



62. The method of claim 56, further comprising forming a yoke layer adjoining said 
magnetically permeable second pole-tip, after forming said magnetically permeable 
second pole-tip. 
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63. The method of claim 56, further comprising: 

forming a magnetically permeable yoke layer before forming said 
magnetically permeable second pole-tip, and / 

joining said magnetically permeable second pole-tip to said yoke layer. 

64. The method of claim 56, further comprising forming a base having an edge 
disposed atop said amagnetic layer and aligned with said direction, prior to creating 
said magnetically permeable layer. / 

65. The method of claim further comprising removing said base, after creating 
said magnetically permeable layeft\. 

66. The method of claim j64, further comprising planarizing said base and said 
magnetically permeable laver. / \ 



said base bordering a covered portion of said amagnetic layer and an exposed portion of 
said amagnetic layer, 

forming a magnetically permeable layer on said base, said edge, and said 
exposed portion of said amagnetic layer, 

removing material preferentially from said magnetically permeable layer, 
including exposing part of said base and said amagnetic layer and leaving magnetically 
permeable material adjoining said edge. 

68. The/method of claim 67, further comprising removing said base from said 
magnetically permeable material adjoining said edge. 




A method for forming a transducer, the method comprising: 
forming a magnetically permeable first pole-tip, 
fornung a submicron amagnetic layer over said first pole-tip, 
forming a base over said amagnetic layer, including forming an edge of 
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69. The method of claun 67, fup^tv comprismg planarizing said base and said 
magnetically permeable layer. 

70. The method of claim 67, wherein forming saicLifiagnetically permeable material 
includes sputtering said material onto said base, saja edge, and said exposed portion of 
said amagnetic layer. 

71 . The method of claim 67, wherein ^^moving said material preferentially from 
said magnetically permeable layer iriclui^s mu)inging a beam of ions upon said layer. 



72. The method of claim 67, mraier comprismg forming a coil layer for said 
transducer, after forming said m^ignetically permeable layer. 



73. The method of claini/67 



, ftlrther comprising forming a coil layer for said 



transducer, before forming said magnetically permeable layer. 



74. The method oy claim 67, mrther comprising forming a yoke layer adjoining said 
magnetically perme^le second pole-tip, after forming said magnetically permeable 
layer. 



75. The metnod of claim 67, further comprising: 

/forming a magnetically permeable yoke before forming said magnetically 
permeable lai^er, wherein forming said magnetically permeable layer includes joining 
said magnettcally permeable layer to said yoke. 
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A method for forming a pole-tip for an inductive transducer, the method 
comprising: / 

forming a body with a surface having first and second faces, 
depositing a layer of magnetically permeable material on said faces, 
impinging a beam of particles on said laye/ in a direction substantially 
aligned with said second face and transverse to said fir^ face, thereby removing said 
layer from said first face without removing all of said layer from said second face. 



77. The method of claim 76, wherein de] 
permeable material includes sputtering ni6gnfeti 



jting said layer of magnetically 
molecules on said faces. 



78. The method of claim 76, wher^ 
beam etching. 



)inging\said beam of particles includes ion 



79. The method of claim 76, w] 
permeable material includes dire< 
toward said body in a direction /rail! 



ere^ depositing said layer of magnetically 

plurality of magnetically permeable particles 
erse to said second face. 



80. The method of claim//6, further comprising means for forming a pole-tip for 
said transducer 




A method for forAiing a transducer, the method comprising: 
formingyk magnetically permeable first pole-tip, 
forming a submicron amagnetic layer atop said first pole-tip, 
forming a magnetically permeable second pole-tip, including means for 
defining said seconfl pole-tip to have a length measured in a direction perpendicular to 
said amagnetic layer that is at least six times greater than a width measured in a 
direction parallel to said amagnetic layer. 
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